ABSTRACT -The objective of this study was to evaluate the effect of different sources of lipids in the diets of dairy cows on the intake and digestibility of nutritional fractions, and milk production and composition. The experiment was conducted in a 42-hectare area divided into eight paddocks covered with Brachiaria brizantha. Twelve crossbred Holstein × Zebu cows were distributed into three simultaneous 4 × 4 Latin squares. The treatments consisted of different sources of lipids, as follows: diet with no extra source of lipids; diet with cottonseed as the source of lipids; diet with soy oil; and diet with used frying soy oil. The intakes of dry matter, neutral detergent fiber, crude protein, total carbohydrates, and nonfibrous carbohydrates were similar for all diets. The use of lipid sources caused a decrease in the apparent digestibility of dry matter, neutral detergent fiber, non-fibrous carbohydrates, and crude protein. The levels of protein, lactose, and defatted dry matter were reduced with the use of lipid sources but did not affect milk production. The use of cottonseed, soy oil, and used frying soy oil as sources of lipids in diets for lactating cows at pasture do not improve milk production, and their use is therefore optional.
Introduction
The search for low production costs in animal products has led to rational use of all feed resources available. Taking into consideration the high costs involved in dairy farming, the productive sector seeks lower-cost feed alternatives.
The use of supplementary lipid sources in diets is a common practice when feeding dairy cows, especially because it improves the energy content of their diet (Grummer, 2004) . Low-energy diets lead to reduced milk production and promote excessive weight loss, especially during early lactation, as dairy cows mobilize body fat to keep milk production, thus jeopardizing reproduction. However, diets with excess energy raise production costs due to more spending on feed, and can be a problem for the cow's metabolism (Costa et al., 2007) .
Responses to lipid supplementation are varied. One of the reasons for this variation consists of changes to feed intake and to ruminal fermentation patterns, especially in the evaluation of ruminal fermentation parameters, pH, concentration of ammoniacal nitrogen, and production of short-chain fatty acids.
Sources of lipids such as soy oil, soybeans, and fatty acid calcium salts have been used in diets for dairy cows. They each have specific characteristics that impart different effects on ruminal fermentation, nutrient digestibility, dry matter intake, and milk production and composition (Freitas Júnior et al., 2010) . Generally, alternative sources of lipids such as frying oil and cottonseed are low-cost, which increases interest in maximizing their use in the dairy cow diets.
Based on the above considerations, our objective in this study was to evaluate the effects of using cottonseed, soy oil, and used frying soy oil as sources of lipids in dairy cow diets on the intake and digestibility of nutritional fractions, and on milk production and composition.
Material and Methods
The experiment was conducted in Macarani, Bahia, Brazil.
The fieldwork was conducted in a 42-hectare area divided into eight paddocks measuring an average of 5.3 ha each, covered with Brachiaria brizantha, and with water available for all animals on all paddocks. Testing animals were used to keep the paddock's capacity adjusted, at 1.21 AU/ha (animal units per hectare). The time spent by the animals in the paddocks varied according to the number of days taken to reach an exit height of 20 cm.
Twelve crossbred Holstein × Zebu cows were used (breed degree varying between ½ and ¾) with 100 to 150 days into lactation in the beginning of the experiment period, and mean body weight of 466.9±33.2 kg. The lactating cows were distributed through three simultaneous 4 × 4 Latin squares. The experiment consisted of four periods lasting 17 days each (the first 10 days were for adaptation and the last 7 days were used for data collection), as recommended by Oliveira (2000) .
We tested different sources of lipids in the animals' diet, as follows: diet with no extra source of lipids; diet with cottonseed as the source of lipids; diet with soy oil; and diet with used frying soy oil (Table 1) . The used frying soy oil was supplied by pastry shops in town. The diets were calculated to meet maintenance requirements and production of 15 kg milk/day, containing 35 g/kg of fat, according to NRC (2001) , based on data from the chemical composition of diet ingredients analyzed previously, in the beginning of the adaptation period.
The diets were calculated so as to be isonitrogenous, keeping the forage to concentrate ratio at 70:30.
The concentrates (Table 2) were supplied to the animals in individual stalls provided with a trough and drinker, and an area of 4 m 2 . The concentrate feed was offered twice daily soon after milking. The animals were weighed at the beginning of the experiment and at the end of each period to check the live weight of the animals in each diet.
Cows were milked manually throughout the experiment by the same professional twice a day, at 05.30 h and at 15.00 h, and the milk was weighed during the entire collection period, from the 11th to the 17th day of each experiment period. Samples of 200 mL of milk were collected in the afternoon of the 15th day and in the morning of the 16th day. The samples obtained in the afternoon of the 15th day were kept refrigerated at a temperature between 2 and 6 °C. After being proportionally mixed with the samples collected in the morning of the next day (16th day), per animal, they were immediately analyzed for fat, density, solids non-fat, total solids, proteins, and lactose, according to the methodology described by the International Dairy Federation (1996) .
The milk production corrected (CMP) for 35 g/kg of fat was calculated according to Sklan et al. (1992) using the following formula CMP = (0.432 + 0.1625 × % milk fat) × production of milk in kg/day.
To estimate the availability of forage (Table 3) , we used the zero-cut agronomic technique employed by Penati (2002) . For each simultaneous entry and exit of the animals into and out of each of the eight paddocks, an iron square measuring 0.25 m 2 was introduced. All grass stems and leaf blades that sprouted within the square space were cut close to the ground with a steel pruning knife. All grass stems and leaf blades within the square space that sprouted outside were disregarded. The procedure was repeated 52 times per paddock: 12 to collect the material to be weighed, and another 40 times to estimate the forage biomass before and after grazing in each paddock, estimated in kg/ha, using the equation proposed by Gardner (1986) . During the experimental period, the environmental variables temperature and rainfall (Table 4) were recorded.
To estimate the production of feces, we used chromium oxide as an external marker, supplied daily soon after each animal was milked, in a single dose of 10 g for 10 days, five of which were for adaptation and regulation of the marker excretion flow and five to collect the feces inside each 17-day experiment period. The feces samples were collected directly from the rectal ampulla at alternate times: at 14.00 h on the 13th day, 14.00 on the day after, 12.00 h on the 15th day, 10.00 h on the 16th day, and 08.00 h on the last sampling day. These were stored in a freezer at -10 ºC.
The feces samples were packaged in aluminum containers and pre-dried in a forced-air oven at 60 °C for 72 to 96 h. They were later milled through a 1-mm mesh sieve mill, grouped proportionally based on their air-dry weight, forming compound samples of each animal per period, and were then stored for further analyses. Feces samples were analyzed by atomic absorption spectrophotometry (AAS) to measure the chromium. Fecal production was determined according to the following equation: PF = COS/COF, in which PF is the daily production of feces (g/day); COS refers to the chromium oxide supplied (g/day); and COF is the concentration of chromium oxide in the feces (g/g DM).
As an internal marker, we used indigestible neutral detergent fiber (iNDF), according to Detmann et al. (2001) and Detmann et al. (2007) . Samples of the feed supplied (forage, concentrates) and feces were incubated for 240 h (Casali et al., 2008) , in duplicate (20 mg DM/cm 2 ), in nonwoven fabric bags (100 g/m 2 ), within the rumen of two crossbred Holstein-Zebu cows fed a forage and concentrate diet. After this period, the material left from the incubation was extracted with neutral detergent according to the methodology by Van Soest (1994) for the quantification of iNDF levels.
Dry matter intake was obtained by the following equation: DMI = {[(PF*CMF) -MS]/CMFR} + DMIS, in which DMI is dry matter intake (kg/day); PF is the production of feces (kg/day); CMF is the concentration of marker present in the feces (kg/kg); MS is the marker present in the supplement (kg/day); CMFR is the concentration of the marker present in the forage (kg/kg); and DMIS is the intake of dry matter from the supplement (kg/day).
During the entire experimental period, the feed supplied and the feces were collected, packed in plastic bags, and stored in a freezer at a temperature of -10 ºC.
The forage and concentrate samples were pre-dried in a forced-air oven at 60 ºC and milled through a 1-mm mesh sieve cutting mill for chemical analysis.
Dry matter (DM), organic matter (OM), crude protein (CP), ether extract (EE), neutral detergent fiber (NDF), acid detergent fiber (ADF), non-fibrous carbohydrates (NFC), cellulose (CEL), hemicellulose (HEM), lignin (LIG), and mineral matter (MM) contents were analyzed. The level of neutral detergent fiber corrected for ash and proteins (NDFap) was determined as recommended by Mertens (1994) .
The concentration of neutral detergent fiber was determined using the method described by Van Soest et al. (1991) , with the addition of heat-stable amylase, but without sodium sulphite.
Total carbohydrates (TC) were obtained according to Sniffen et al. (1992) : TC = 100 -(%CP + %EE + % of ash).
Total digestible nutrients (TDN) were calculated according to Weiss (1999) , but with NDF and NFC corrected for ash and proteins, by the following equation:
TDN (%) = DCP + DNDFap + DNFCap + 2.25DEE, in which DCP = digestible CP; DNDFap = digestible NDFap; DNFCap = digestible NFCap; and DEE = digestible EE.
To determine the digestibility coefficients of the dry matter (DCDM), neutral detergent fiber (DCNDF), acid detergent fiber (DCADF) and crude protein (DCCP) in the diets, we used the following equation: DC = (ingested nutrient -excreted nutrient) × 100 ingested nutrient All statistical analyses were performed using PROC GLM of SAS (Statistical Analysis System, version 9.4). Animals were allocated to four 4 × 4 Latin squares (Kuehl, 2000) , containing sixteen animals, four experimental periods, and four treatments. Each animal within a period was the experimental unit. The statistical model is shown below:
y ijkl = µ + α i + β j + c(α) ki + t l + ε ijkl , in which y ijkl represents the observation of cow k in square i at period j subjected to treatment l; α i represents the fixed effect of square i (i = 1, 2, 3 ,4); β j represents the fixed effect of period j (j = 1, 2, 3, 4); c(α) ki represents the fixed effect of cow k within square i; and ε ijkl represents the random error.
The results for intake, feed efficiency, variation in body weight, milk production, milk composition, and digestibility were subjected to analysis of variance and test of means, with Tukey's test applied at 0.05 probability for comparison of the means. All statistical procedures were carried out using SAS software (Statistical Analysis System, version 9.4).
Results
The intakes of DM, NDF, CP, TC, and NFC were similar (P>0.05) for all diets with different sources of lipids (Table 5 ). The intakes of CP, TC, and NFC did not differ (P>0.05) among the studied diets.
The lowest (P<0.05) EE intake was found in animals fed diets with no extra source of lipids, followed by animals supplemented with used frying oil (Table 5) . However, the EE intake did not differ (P>0.05) between animals supplemented with soy oil and cottonseed, both being higher than the others diets. This change is probably due to the chemical characteristics of the experimental diets (Table 2) . Total digestible nutrients intake did not differ (P>0.05) among the studied diets, which can be explained by the absence of effect on DM intake and the similarity in levels of TDN between the experimental diets (Table 5) .
A difference was noted (P<0.05) in apparent digestibility of DM, NDF, CP, and NFC (Table 6 ).
An unexpected behavior was observed for apparent digestibility of NDF, with higher (P<0.05) values for diets containing saturated fat sources and lower digestibility for the diet containing cottonseed as the source of lipids.
The apparent digestibility of CP was higher (P<0.05) for the diet with no source of lipids and did not vary (P>0.05) among the evaluated diets.
The different sources of lipids did not change (P>0.05) milk production or corrected milk production (35 g/kg fat) ( Table 7) .
There was little variation (P>0.05) in milk density with the use of sources of lipids in the diets. The numbers found for milk fat (Table 7) indicate no influence (P>0.05) of sources of lipids on fiber digestion as well as changes in the acetate and propionate rates.
The levels of protein, lactose, total dry extract, and defatted dry matter in the milk were different (P<0.05) among the diets with sources of lipids. Variables protein, lactose, and defatted dry matter in milk differed (P<0.05) between the diet with no lipid source and those with lipid sources. However, they did not differ (P>0.05) among themselves, showing that lipid sources promoted a decrease in the level of these variables. The total dry extract differed (P<0.05) between the diet with soy oil and the diet with no lipid source, resulting in lower levels. Means sharing a common letter are not significantly different from one another, and means with no letters had no significant effect. SEM -standard error of the mean; DMI -dry matter intake; MW -metabolic weight; DMIpasture -dry matter intake from pasture; DMIconcentrate -dry matter intake from concentrate; NDFI -neutral detergent fiber intake; BW -body weight; ADFI -acid detergent fiber intake; CPI -crude protein intake; EEI -ether extract intake; TCI -total carbohydrates intake; NFCI -non-fibrous carbohydrates intake; TDNI -total digestible nutrients intake.
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Discussion
The mean dry matter intake (DMI) of 33.0 g/kg of body weight (BW) was higher than the 25.0 g/kg of body weight recommended by the NRC (2001) . This is probably due to the absence of negative effects on ruminal microorganisms from the lipid sources. Duarte et al. (2005) did not find any effects of the supplementation or the source of fat used on DMI in dairy cows. The mean DMI (15.7 kg/day) observed in this work was similar to the 15.9 and 16.1 kg/day found by Borba et al. (2006) and Costa et al. (2007) , respectively. These authors also worked with sources of lipids for lactating cows. Vargas et al. (2002) observed a reduction in dry matter intake when soybeans and soy oil were used in the diets of dairy cows, with a higher decrease in DMI occurring in the diet containing soy oil. Moallem et al. (2007) and Freitas Júnior et al. (2010) also reported a reduction in DMI with the use of protected (calcium salts) and unprotected (soy oil) lipid sources.
Although a reduction in DMI is expected from energy satiation when sources of lipids are used in the diet of dairy cows, especially if they are lactating, no difference (P>0.05) in intake is observed when the source of lipids is mixed in the concentrate satisfactorily, or when animals are previously adapted to the supplementary fat supply (NRC, 2001) .
Neutral detergent fiber intake (19 g/kg of body weight) was higher than the 12 g/kg of body weight recommended by Mertens (1994) , evidencing that crossbred lactating cows kept in tropical pastures consume larger quantities of NDF, probably due to the higher fraction of this component in tropical forages compared with temperate forages, and to enhanced ruminal distension.
The intakes of CP, TC, and NFC did not differ among the studied diets, which can be justified by the attempt to formulate diets with similar composition, by the fixed level of concentrates, and by the similar dry matter intake.
A difference was observed in apparent digestibility of DM, NDF, CP, and NFC, probably caused by the use of supplementary lipid sources that caused a reduction of the apparent digestibility of DM in relation to the diet without any sources of lipids. However, there was no variation between the sources. It is important to stress that the low digestibility of DM in the experimental diets, of 0.504 (g/g) on average, can be explained by the levels of NDF in diet ingredients (Table 2) . Freitas Junior (2008) obtained a mean DM digestibility of 0.680 (g/g) and found no effect on Means sharing a common letter are not significantly different from one another, and means with no letters had no significant effect. SEM -standard error of the mean; DCDM -digestibility coefficient of dry matter; DCNDF -digestibility coefficient of neutral detergent fiber; DCCP -digestibility coefficient of crude protein; DCEE -digestibility coefficient of ether extract; DCNFC -digestibility coefficient of non-fibrous carbohydrates; TDN -total digestible nutrients. the apparent digestibility of DM in relation to the control diet. Leite (2006) and Silva et al. (2007) did not observe any difference, either, in the apparent digestibility of DM when different sources of lipids were used in the diet. The results of the present study helped to confirm the effect of reduced dry matter digestibility from the use of lipid sources. However, in this work, the reduction in digestibility did not cause any changes to intake or to milk production. A number of studies report depression of apparent digestibility of the fiber with the use of lipids (Leite, 2006; Costa, 2008) , although there are reports such as that of Havartine and Allen (2006) , who observed no effect of saturated fat sources and of the mixture of both on the apparent digestibility of nutrients in diets containing 83 g/kg of fatty acids in the diet DM. The mean digestibility of NDF (0.449 g/g) was similar to that reported by Freitas Júnior (2008), who found no effect of the different sources of lipids on the digestibility of NDF.
According to Silva et al. (2007) , the reduced DCCP with the inclusion of a source of lipids is explained by a higher escape of dietary protein, by the inhibiting effect of lipids on the protozoa population decreasing the level of ammonia, increasing the flow of bacteria to the intestine and therefore promoting higher participation of dietary nitrogen in the fecal matter and reducing the apparent digestibility coefficient of crude protein. The apparent digestibility of crude protein observed (0.480) in this work was lower than the 0.708 reported by Freitas Júnior et al. (2010) . The apparent digestibility of non-fibrous carbohydrates showed the same behavior as the digestibility coefficient of crude protein, and can be explained by the lack of effect on DCEE and by the effect of DCCP and DCDM. Oliveira (2005) reported values close to 0.850 for the digestibility of lipids in diets with high proportion of forage for dairy cows.
The different sources of lipids did not change milk production or corrected milk production, showing that the performance of lactating cows is not changed when lipid sources are used in the proportion of 58 g/kg of dry matter of the diet. Furthermore, we believe that the quality of the pasture provided a satisfactory intake of nutrients, which met the requirements of the animals when associated with the forage, thus fulfilling the requirements for their milk production levels. Freitas Júnior et al. (2010) did not find any effects on the corrected milk production when using different sources of lipids in the diet of lactating cows with 55.0 g/kg of EE in the dietary dry matter. According to the results of Borba et al. (2006 ), Freitas Júnior et al. (2010 , and the present work, levels of up to 80 g/kg of EE in the diet do not interfere with the production, and the producer may opt for the diet that is most economic. Costa et al. (2007) reported increased corrected milk production when using diets with 50.0 g/kg of EE containing protected oil, whole rice meal plus rice oil, and whole rice meal plus bovine tallow as sources of lipids. This increase in production when using lipids in the diet is related to the increased ingestion of energy. The mean production of milk was 12.2 kg, below the production expected (15.0 kg) from the diet formulation (NRC, 2001) . This lower production is explained by the breed degree of the animals used in the experiment, showing lower efficiency in milk production in relation to animals of specialized breeds.
The numbers found for milk fat indicate no influence of sources of lipids on fiber digestion as well as changes in the acetate and propionate rates. It is important to stress that the diets with sources of lipids resulted in higher levels of milk fat than the minimum limit of 30.0 g/kg established by Regulatory Instruction #51 (Brasil, 2002) .
The diet with no source of lipids had higher levels of milk protein in relation to the other diets, a fact that can be explained by the reduced production of microbial protein in the rumen, the use of sources of lipids, and, consequently, by the reduced availability of amino acids to form milk protein. Although diets with lipid sources had decreased levels of protein, these values were above the minimum limit of 29.0 g/kg established by Regulatory Instruction #51 (Brasil, 2002) . Working with soy oil, soybeans and fatty acid calcium salts, Freitas Júnior et al. (2010) did not obtain any effects on the level of milk protein with the inclusion of sources of lipids in the diet (55.0 g/kg of EE) when compared with the control diet (25.0 g/kg of EE).
Conclusions
The use of cottonseed, soy oil, and used frying soy oil in diets for lactating cows on tropical pastures does not change the intake of nutritional fractions or milk production; therefore, the use of these feedstuffs is optional.
